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We examine the fission barriers, mass parameters and spontaneous fission half lives
of fermium isotopes within the framework of macroscopic-microscopic model with a
δ-pairing interaction. Four different macroscopic models are applied and studied. The
results are compared to experimental data and to the corresponding monopole pairing
ones. The half lives obtained in the δ-pairing model are comparable with experimental
data. The state-dependence of pairing has an important effect on the calculated fission
half-lives.
The calculations of fission half lives Tsf in macroscopic-microscopic methods
consist of determining the fission barrier (collective potential energy) and the mass
tensor of the nucleus undergoing the fission process. The potential energy V splits
into a shell δEshell and a pairing correction δEpair (microscopic part) and the smooth
average (macroscopic) energy such as liquid drop1, droplet2, LSD3 or Yukawa plus
Exponential.4
The microscopic part of the energy is calculated using the single-particle Woods-
Saxon potential with the universal set of parameters.5
All the former calculations of Tsf were done assuming that the pairing matrix
elements Gab ≡ 〈νν¯|Vˆpair|µµ¯〉 are constant. Such an approximation leads to the av-
eraging of the superconductive properties of nuclei and weakly reflects the structure
of nucleon pairs. In the following we have used the state dependent pairing model
where the pairing matrix elements Gab are state dependent and the interaction Vˆpair
is of the form:6
Vˆpair = −V0
1− σ1 · σ2
4
δ(~r12) . (1)
Here V0 is a constant determined from experimental nuclear masses.
7,8
This form of the interaction better reproduces the properties of the nucleons
coupled in pairs in degenerate time reversed states. The δ-pairing strength constants
V0 for protons (p) and neutrons (n) are V
p
0 = V
n
0 = 215MeV fm
3. The masses8 in
the vicinity of the fermium nuclei are reproduced in this case with an accuracy
given by the standard deviation error σ = 0.608MeV (see Fig. 1). The residual
pairing interaction is treated in the BCS approximation.
Spontaneous fission of a nucleus is described as a tunnelling of the collective
potential barrier described in WKB approximation. In order to minimize the ac-
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Fig. 1. Mass deviations for 47 isotopes of Z=99, 100, 101 in the case of the state-dependent
δ-pairing and the liquid drop model.
tion which enters the fission probability we have used the dynamic programming
method.9,10
The macroscopic-microscopic method is not analytical. Therefore, it is necessary
to calculate the potential energy and all the components of the tensor of inertia
Bkl(def) on a mesh in the multi-dimensional space spanned by a set of collective
degrees of freedom consisting of three nuclear shape parameters (β2, β4, β6). The
collective mass Bkl(def) is calculated in the adiabatic cranking model.
Fig. 2. The fission barriers for 252Fm in case of both G = const (dashed curve) and δ-pairing
(solid curve) models.
An example of fission barriers of 252Fm evaluated in both monopole and δ-
pairing models is shown in Fig. 2. The monopole pairing barrier (G = const) is
denoted by the dashed line and the δ-pairing one is represented by the solid curve.
One observes that the monopole pairing model gives a fission barrier similar to that
of the δ pairing force model. However, the barrier height is smaller for G = const
pairing.
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Fig. 3. The effective mass parameter for 252Fm for two different pairing models, δ (solid) and
G = const (dashed curve) models of pairing.
Figure 3 shows the effective mass parameters taken along the path to fission.
One can see the differences of both monopole pairing (dashed curve) and δ-pairing
(solid curve) effective inertia.
As was shown the fission barriers strongly depend on the macroscopic energy
model.11 To examine this fact in the case of the δ-pairing model we have studied
four most frequently used macroscopic models. The choice of the model strongly
influences the spontaneous fission half-lives Tsf . This is illustrated in Fig. 4 where
the results of calculations of the spontaneous fission half-lives for the fermium iso-
topes are presented. The Figure shows the results for the Yukawa plus exponential
macroscopic energy, Lublin-Strasbourg Drop (LSD), the Mayers-Swiatecki drop and
for the droplet model. Triangles correspond to the δ-pairing model and the open
circles to the monopole pairing one. The experimental data are denoted by plain
diamonds. It is seen that the spontaneous fission half-lives considerably depend
on the pairing model. The δ-pairing interaction seems to work better with most
macroscopic models as compared to the monopole pairing model.
In our comparative study we have neglected the lowest odd-multipolarities usu-
ally represented by β3 and β5 deformations which, as was shown elsewhere,
12 con-
siderably decrease the fission barriers especially at large quadrupole deformations.
From our investigations one can draw the following conclusions:
(i) The fission barriers of the δ-pairing force model are similar to that of the clasical
pairing, however slightly higher.
(ii) The state dependent δ-type force influences significantly the spontaneous fission
half lives. At the same time the isotopic systematics of Tsf does not change.
(iii) The Tsf values calculated in different macroscopic models are considerably dif-
ferent and depend on the pairing model used.
(iv) The investigations of the pairing interaction and the macroscopic energy models
should be continued, in order to obtain the most appropriate fission barriers and
spontaneous fission half lives.
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Fig. 4. Spontaneous fission half-lives (Tsf ) of fermium isotopes in four models of the macroscopic
energy and two models of pairing interactions. The results of the δ pairing model are denoted by
plain triangles and the results of the monopole pairing are represented by open circles. Diamonds
correspond to the experimental data.
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